background: There is currently no consensus about indications for surgery for infertility associated with colorectal endometriosis. The aim of this study was to evaluate cumulative pregnancy rates (CPRs) after ICSI -IVF cycles in patients with colorectal endometriosis and to identify determinant factors of fertility outcome.
Introduction
Colorectal endometriosis is one of the most severe forms of deep infiltrating endometriosis (DIE) and has a considerable impact on quality of life (Dubernard et al., 2008) . Although some controversy persists about the most appropriate indications and type of surgery for these patients (Donnez and Squifflet, 2010; Dousset et al., 2010; Kondo et al., 2011) , previous retrospective and randomized studies have demonstrated that colorectal resection improves symptoms and quality of life but exposes patients to the risk of major complications such as neurologic bladder dysfunction and rectovaginal fistulae (Redwine et al., 1996; Dubernard et al., 2008; Daraï et al., 2010a,b; Dousset et al., 2010; Ruffo et al., 2010; Ballester et al., 2011) .
There is currently no consensus about indications for surgery for infertility associated with colorectal endometriosis. Vercellini et al. (2006) reported no benefit of rectovaginal septum resection compared with expectant management on fertility outcomes. In contrast, retrospective studies have shown that colorectal resection for endometriosis enhances fertility depending on the surgical route and the presence of adenomyosis (Ferrero et al., 2009; Daraï et al., 2010a,b) . However, Mathieu d' Argent et al. (2010) reported pregnancy rates after a first ICSI -IVF cycle to be similar in patients with colorectal endometriosis and in patients with tubal or male infertility raising the issue about the legitimacy of surgery. Conversely, Stepniewska et al. (2010) underlined that IVF results increased after removal of DIE and that the pregnancy rate was higher in patients undergoing colorectal resection compared with patients undergoing limited surgery leaving in situ colorectal endometriosis. Finally, Barri et al. suggested that a combination of surgery and IVF was the best option for infertility associated with endometriosis. However, none of these authors reported cumulative pregnancy in IVF to determine when best to opt for surgery in infertile women with colorectal endometriosis (Barri et al., 2010) .
Therefore, the aims of the present multicentre study were to evaluate cumulative pregnancy rate (CPR) after ICSI -IVF cycles in patients with colorectal endometriosis and to identify determinant factors.
Materials and Methods

Subjects
From January 2005 to June 2011, 75 women with colorectal endometriosis from three centers [Tenon Hospital (University Pierre et Marie Curie Paris 6, France), Sèvres Hospital (Sèvres, France) and La Citadelle Hospital (University of Liège, Belgium)] requiring ICSI -IVF for infertility were prospectively included in the study. All the patients had proven infertility for at least 1 year. Fertility investigations included a hysterosalpingography, cycle Day 3 serum level measurements of E2, FSH, inhibin B, anti-Mullerian hormone (AMH), transvaginal sonography and semen analysis for the partner. Diagnosis of colorectal endometriosis was based on physical examination, transvaginal sonography and magnetic resonance imaging using previously published imaging criteria (Bazot et al., 2004 (Bazot et al., , 2009 ). Adenomyosis was defined by: (i) maximal junctional zone thickness (JZ max ) of at least 12 mm, (ii) ratio max (JZ max /myometrial thickness) . 40% and (iii) punctate high-density myometrial foci (Bazot et al., 2001) . All the patients gave informed consent to participate in the study. The protocol was approved by the Ethics Committee of the Collège National des Gynécologues et Obstétriciens Français (CNGOF).
Procedure
Patients were stimulated either by a long GnRH agonist, a short agonist or an antagonist protocol. Ovarian stimulation was begun once pituitary desensitization (E2 level , 50 pg/ml) had been achieved with doses of recombinant FSH ranging between 75 and 450 IU/day depending on body mass index (BMI), patient age, size and number of follicles and E2 levels. Transvaginal oocyte retrieval was scheduled 35 -36 h after hCG injection and ETs performed 2 -3 days later. On Day 2, individually cultured embryos were evaluated on the basis of the number of blastomeres, blastomere size, fragmentation rate and presence of multinucleated blastomeres (Scott et al., 2000) . Embryos with four regular blastomeres and ,20% fragmentation were defined as top-quality embryos. The luteal phase was supported by vaginal administration of micronized P (400 mg/day) from the day of ovarian puncture to the day of the pregnancy test. Pregnancies were diagnosed by an increasing concentration of serum b-hCG, which was tested 14 days after ET. Clinical pregnancies were confirmed by the presence of a gestational sac on vaginal ultrasound examination during the fifth week.
Statistical analysis
To compare patients who became pregnant (clinical pregnancies as defined above) with those who did not, univariable analysis was performed by using the Student's t-test or Wilcoxon test for continuous variables and 
Results
The epidemiological characteristics of the population are summarized in Table I . The median age of the study population was 33 years, and the median BMI was 22.4 kg/m 2 . Only four patients had a BMI over 30 kg/m 2 . The median duration of infertility was 3 years. Threequarters of the patients had undergone prior surgery for endometriosis, including diagnostic laparoscopy and cystectomy for endometriomas, but none for DIE. Hence none of them had rectal shaving, full thickness nodule resection or segmental resection. Endometriomas and adenomyosis were associated with colorectal endometriosis in 68 and 28% of cases, respectively. The mean AMH serum level in the whole population was 2.7 ng/ml. The mean AMH serum level in patients with isolated colorectal endometriosis, with colorectal endometriosis and endometriomas, with colorectal endometriosis and adenomyosis and in patients with colorectal endometriosis, endometrioma and adenomyosis were 3.1, 3.6, 2.6 and 2.1 ng/ ml, respectively (P ¼ 0.1). The mean AMH serum level in patients younger or older than 35 years old was 3.7 and 2.2 ng/ml, respectively (P ¼ 0.002).
No difference in age, BMI, duration of prior infertility, primary infertility, associated male infertility, prior surgery for endometriosis and total follicle count was found between patients who conceived and those who did not (Table II) . The rate of associated adenomyosis was higher in the group of patients who did not conceive (P ¼ 0.02). An AMH serum level . 2 ng/ml was associated with an increased pregnancy rate (P ¼ 0.03).
No difference in the characteristics of ovarian stimulation was found between patients who conceived and those who did not. The AMH serum levels in patients with colorectal endometriosis with or without adenomyosis were 2.5 and 3.4 ng/ml, respectively (P ¼ 0.14). No difference in inhibin B, estradiol serum levels, antral follicle count, in the rate of ICSI or IVF procedures, types of ovarian stimulation, total dose of gonadotrophin used, number of mature follicles . 14 mm, total number of oocytes retrieved, total number of Day-2 embryos, number of top Day-2 embryos replaced, thickness of endometrium or number of embryos cryopreserved was found between the groups.
Thirty-two (42.7%) of the 75 patients became pregnant. Among the 32 pregnancies, we found: 24 deliveries (corresponding to 22 singleton and 2 twins) and 8 miscarriages.
For CPR per patient analysis, the total number of cycles was 113 and the median number of cycles per patient was 1 (range: 1-3). In the whole population the CPR per patient after one, two and three ICSI-IVF cycles were 29.3, 52.9 and 68.6%, respectively (Fig. 1 ). An increase in the CPR was observed after each ICSI-IVF cycle. Among the 75 patients, 22 (29.3%) became pregnant after the first ICSI-IVF cycle. Among the 53 patients who did not become pregnant, 24 underwent a second cycle and 29 did not. Among the 24 patients who underwent a second cycle, 8 (33.3%) became pregnant and 16 did not. Six of the 16 patients started a third cycle, of whom 2 (33.3%) became pregnant.
The CPR after ICSI -IVF cycles for patients with or without associated adenomyosis was 19 and 82.4%, respectively (P ¼ 0.01; Fig. 2 ). For patients without adenomyosis, the CPR per patient increased until the third cycle. For patients with associated adenomyosis, no benefit was found after the first ICSI -IVF cycle.
In addition to adenomyosis, in the whole population a patient age over 35 (P ¼ 0.02; Fig. 3 ) and AMH serum level lower than 2 ng/ml (P ¼ 0.02; Fig. 4 ) were determinant factors of CPR per patient. Bilateralism of endometriomas and the presence of multiple endometriomas as well as type of infertility (primary versus secondary), type of assisted reproduction treatments (ART) (ICSI versus IVF) and prior surgery for endometriosis were not significant determinant factors of CPR per patient.
At multivariable analysis, using Cox proportional hazards ratio, adenomyosis [HR ¼ 0.34, 95% CI (0.12-0.99), P ¼ 0.049] was the only parameter significantly associated with a decreased CPR.
In patients with colorectal endometriosis and associated adenomyosis, the CPR per patient was 19%. The CPR per patient for patients older than 35 years and patients younger than 35 years was 8.3 and 33.3%, respectively (NS). No benefit was found after the first ICSI -IVF cycle in these two subgroups. In patients with colorectal endometriosis without adenomyosis, the CPR per patient was 82.4%. The CPR per patient for patients older than 35 years and patients younger than 35 years was 52.9 and 80.2%, respectively (NS). A benefit was found after each ICSI -IVF cycle. Figure 1 CPR after successive ICSI -IVF cycles in the whole population.
ICSI -IVF outcome and colorectal endometriosis
Discussion
This prospective multicentre study demonstrates that ICSI -IVF offers a high CPR in patients with colorectal endometriosis. However, the CPR differed considerably mainly depending on the presence of adenomyosis, AMH serum level and patient age. The main issue in patients with colorectal endometriosis is to determine the therapeutic strategy according to the patient's priority. When the priority is to improve symptoms and quality of life, several studies have underlined the positive impact of colorectal resection-mainly based on a laparoscopic approach-on both symptoms and subsequent fertility Meuleman et al., 2011) . Conversely, when the patient's priority is to conceive, there is no clear consensus (first surgery or first ICSI -IVF), and determinant factors of fertility outcome thus need to be identified to inform patients about the various therapeutic options. In this study, the CPR per patient after one, two and three ICSI -IVF cycles were 29.3, 52.9 and 68.6% underlining a progressive increase in the CPR. However, the presence of adenomyosis appears to be a major negative determinant factor of fertility outcome in ICSI -IVF: the CPR in patients with colorectal endometriosis with or without adenomyosis was 19 and 82.4%, respectively. These results are in agreement with previous studies showing that uterine adenomyosis is a negative predictive factor of fertility outcome (Kunz et al., 2005; Ferrero et al., 2009; Daraï et al., 2010a,b) . From a pathological point of view, Tremellen and Russell (2011) showed that adenomyosis was associated with a prominent aggregation of macrophages within the superficial endometrial glands, potentially interfering with embryo implantation. However, several studies have found that adenomyosis had no adverse effects on IVF -ICSI outcome in infertile women with proved endometriosis pretreated with long-term GnRH agonist (Lin et al., 2000; Wang et al., 2000; Mijatovic et al., 2010) . In our series, although some of the patients underwent a long-term GnRH agonist treatment, the sample size was too low to prove its potential relevance. In addition to a low CPR in patients with colorectal endometriosis and adenomyosis, despite the small number of patients, our results do not demonstrate a benefit of additional ICSI -IVF cycles after the first attempt, especially in patients older than 35 years. This might be due to a rapid inclusion of these patients in an oocyte donation program. Soares et al. (2008) suggested that endometriosis, and possibly adenomyosis, did not have a negative impact on oocyte donation programs when standard endometrial priming protocols were used. Another option for patients with colorectal endometriosis and adenomyosis could be cytoreductive surgery. However, although surgery seems to improve short-term symptoms (Wood, 1998; Sun et al., 2011) , fertility results are modest and myometrial healing poor with an elevated risk of uterine rupture (Takeuchi et al., 2010) . In this specific setting, preliminary results show that ultrasound-guided high-intensity focused ultrasound ablation could be a non-invasive alternative but further data on fertility outcome are required (Kim et al., 2011; Zhou et al., 2011) .
In addition to adenomyosis, our univariate analysis was consistent with reports that the AMH serum level is a predictor of CPR after ICSI -IVF cycles. Gonzalez-Fernandez et al. (2011) showed that patients with endometriosis are a heterogeneous group including patients with poor ovarian reserve (who behave like other poor responder patients) and patients with good response to ovarian stimulation (who have a specific alteration of the FSHR signalling pathway). In addition, Shebl et al. found low AMH serum levels in women with severe endometriosis (ASRM III -IV) compared with healthy women although the authors did not take into account the presence of DIE (Shebl et al., 2009) . Finally, Buyuk et al. (2011) reported that patients with elevated AMH serum levels had twice the number of oocytes retrieved, a greater number of Day 3 embryos and a higher clinical pregnancy rate. However, the main issue is to identify patients with poor ovarian reserve in the absence of a consensual AMH serum cutoff level. In the present study, poor ovarian reserve was defined by an AMH serum level under 2 ng/ml while other authors have used a cutoff of 1 or 0.6 ng/ml. Despite these discrepancies, our results showed a progressively higher CPR in patients with an AMH serum level above 2 ng/ml while no benefit seemed to be observed after two ICSI -IVF cycles for those with an AMH under this level. In this specific setting, surgery with complete removal of DIE should be discussed. Indeed, Stepniewska et al. (2010) assessing fertility after surgery for DIE with colorectal involvement, noted that both spontaneous and IVF pregnancy rates were significantly higher after complete resection of DIE including resection of colorectal lesions. In a recent review of the management of infertile patients with associated endometriosis, de Ziegler et al. (2010) suggest that surgery should be considered in patients younger than 38 years with good ovarian reserve and no semen characteristics or tubal status that are incompatible with natural conception. Similarly, Barri et al. (2010) showed that the combined strategy of endoscopic surgery and subsequent IVF led to a higher clinical pregnancy rate (65.8%) than that obtained with surgery alone or IVF alone, especially in patients younger than 35 years. Finally, in a randomized study comparing laparoscopy to open surgery for colorectal endometriosis, Daraï et al. reported a high pregnancy rate even in patients with prior IVF failure . In view of this published data coupled with our results, surgery should be considered after failure of two ICSI -IVF cycles for patients younger than 35 years with poor ovarian reserve before opting for an oocyte donation program.
As previously mentioned, the patient's age is also a determinant factor of fertility outcome. CPR was 76.3% for patients younger than 35 years compared with 57% for older patients. These results are in agreement with those of La Marca et al. (2011) showing that age coupled with AMH serum level were the sole factors to predict live birth in assisted reproduction. Moreover, Cai et al. (2011) , in a logistic regression model to predict the cumulative fertility outcome in ICSI-IVF, found that age was an independent factor. However, despite a lower CPR for patients older than 35 years, we observed a benefit after each ICSI-IVF cycle which does not resolve the issue of when to opt for a surgical approach or oocyte donation for these patients.
Some limitations of the present study have to be underlined. First, no attempt was made to differentiate focal from diffuse adenomyosis and the two forms seem to have a different impact on fertility (Wang et al., 2006) . However, we distinguished internal from external adenomyosis. In our study, we considered patients with adenomyosis only those with internal adenomyosis. Secondly, we calculated the CPR based on three ICSI -IVF cycles and did not evaluate the impact of additional cycles. This decision was based on routine practice in France and on French law which allows for a last reimbursed cycle in an oocyte donation program in case of failure. Moreover, our results underline that, in patients with colorectal endometriosis without adenomyosis, the CPR was over 80% after three ICSI-IVF cycles with potentially little additional benefit for a fourth cycle. Thirdly, our study assumes that the CPR per patient is an appropriate tool to evaluate pregnancy rates in ICSI -IVF as recently demonstrated by Garrido et al. (2011) . Finally, the sample size was too low to build a model to predict fertility outcomes in patients with colorectal endometriosis.
Our data on CPR per patient in patients with colorectal endometriosis undergoing ICSI -IVF cycles confirm a high pregnancy rate and that adenomyosis, AMH serum level and age are determinant factors of fertility outcome. These parameters should be taken into account when informing couples of their options. Further studies are needed to determine when to switch from first ICSI -IVF to an alternative including surgery or oocyte donation.
